Background: No population based prospective cohort study has previously assessed the impact of multiple risk factors, including Helicobacter pylori infection, on the incidence of peptic ulcer disease (PUD). Aims: To identify risk factors for PUD and estimate their relative impact on ulcer incidence. Subjects: Random sample of 2416 Danish adults with no history of PU. Methods: Sample members were interviewed in 1982 and 1994. PUs diagnosed within the observation period were verified through medical records. Information on psychosocial factors, lifestyle practices, and medication was obtained from a questionnaire completed at study entry. H pylori infection status was determined by ELISA. Results: The main risk factors for PUD were H pylori infection (odds ratio 4.3 (95% confidence interval 2.2; 8.3)), tobacco smoking (3.8 (1.7; 9.8)), and use of minor tranquillisers (3.0 (1.4; 6.6)). Intake of non-steroid anti-inflammatory drugs did not affect the incidence of PUD (0.4 (0.1; 2.3)). In those with increased antibodies to H pylori, tobacco smoking (12.7 (2.8; 56.8)) and intake of spirits (2.4 (1.1; 5.4)) increased the risk of PUD whereas moderate leisure time physical activity (0.3 (0.2; 0.7)) protected against PUD. Conclusions: Tobacco smoking and H pylori infection are the main risk factors for PUD in Danish adults. Physical activity may protect against PUD in those infected with H pylori.
A lthough it is generally accepted that the aetiology of peptic ulcer disease (PUD) is multifactorial, data on the relative impact of single risk factors are scarce. A number of population based prospective studies have been published [1] [2] [3] [4] [5] [6] but so far no study has assessed the effect of Helicobacter pylori infection together with other PUD determinants. A meta-analysis suggested that 95% of all hospitalised ulcer cases in the USA were attributable to H pylori infection, use of non-steroidal anti-inflammatory drugs (NSAIDs), and tobacco smoking. 7 Hospitalised ulcer cases differ from uncomplicated ulcer cases in terms of aetiology and comorbidity. Moreover, H pylori infection rates vary considerably between continents. 8 9 It is therefore likely that PU risk factors contribute differently to ulcer occurrence in general populations as well as to ulcer occurrence in different parts of the world. 10 The aims of this study were: firstly, to identify risk factors for PUD and estimate their relative impact on ulcer incidence in Denmark; and secondly, to identify possible interactions between factors that relate to ulcer incidence.
MATERIALS AND METHODS

Study population
A random sample of 4581 Danish adults aged exactly 30, 40, 50, and 60 years were invited to a population study in October 1982. 11 A total of 3608 subjects (78.8%) accepted the invitation. By January 1993, 451 members of the original sample had died or disappeared. The remaining 4130 sample members were invited to a follow up examination. A total of 2656 subjects attended the follow up which took place between June 1993 and December 1994. 12 The Regional Research Ethics Committee of Copenhagen County approved the project.
Collection of sera and diagnosis of H pylori infection
Large scale testing for antibodies to H pylori became available in the beginning of the 1990s in Denmark. Blood samples had already been drawn from 3590 participants at study entry in 1982. In June 1993, all samples were thawed and analysed for IgG antibodies (anti-Hp IgG) to H pylori. Blood samples drawn at follow up (n=2541) were examined continuously. Matching pairs of sera were identified in 2527 cases. A total of 2416 of these participants had no history of PUD when entering the study and were eligible for the present study.
IgG antibodies directed against a low molecular weight fraction of H pylori antigens were measured with a validated inhouse indirect ELISA. [13] [14] [15] IgG antibody levels were categorised as seronegative, borderline increased, or seropositive. Sensitivity, specificity, positive predictive value, and negative predictive value of the IgG serology assay were 98.5%, 54.0%, 76.1%, and 96.2%, respectively Peptic ulcer diagnosis All participants were asked if they had been diagnosed with a peptic ulcer within the 11 year observation period. Participants with a first time diagnosed ulcer reported how and when the diagnosis was made. To ensure that all first time diagnosed ulcers were recorded, information was also obtained from the National Danish Hospital Discharge Registry (NDHDR) in which all cases of hospital admissions in Denmark are registered with a discharge diagnosis. The search included the following PUD diagnoses (WHO ICD-8 codes: 531.X (gastric ulcer), 532.X (duodenal ulcer), and 533.X (gastro-duodenal ulcer)). Medical records from those who reported an ulcer or who were registered with a PUD diagnosis in the NDHDR were retrieved and reviewed. Only ulcers verified by upper endoscopy, barium meal examination, or surgery were regarded as true incident ulcers. Active ulcers were considered to be gastric ulcers (GUs) when a crater with appreciable depth was seen in the fundus, corpus, or antrum area. Craters in the pyloric canal or in the duodenum were classified as duodenal ulcers (DUs). Scars or deformities were accepted as signs of former ulcers. Malignant ulcers were excluded.
Study variables
A self administered questionnaire was completed at both attendances. The following variables were assessed: (i) sociodemographic factors: sex, age;
(ii) socioeconomic status 16 ; (iii) genetic factors: family history of PUD, Lewis blood group antigens; (iv) lifestyle practices: tobacco smoking (cumulative tobacco consumption (g/day)-cumulative consumption of different tobacco products), alcohol (weekly consumption of beer, wine, and spirits-cumulative weekly number of drinks), coffee and tea intake (number of cups taken daily), leisure time physical activity (sedentary, ambulatory, active); (v) medication assessed at study entry: unspecified drugs for gastrointestinal disorders, unspecified antirheumatic drugs (NSAIDs), minor and major tranquillisers, antibiotics; (vi) medication assessed at follow up: antacids, H 2 receptor antagonists, proton pump inhibitors (PPIs), ASA, acetaminophen, NSAIDs, and antibiotics. Use of medications was categorised as never-infrequent, previous use within the past five years (daily, weekly, monthly, prophylactic treatment regimens), or current use (daily, weekly, monthly, prophylactic treatment regimens). H pylori infection status was assessed as anti-Hp IgG status at study entry and follow up, and as changes in anti-Hp IgG status within the observation period.
Statistical methods
The SPSS statistical package for Windows was used. 17 The incidence of PUD was used as the dependent variable in a series of logistic regression analyses using forward stepwise inclusion. All variables that improved the fit of sex and age adjusted models were incorporated into a final logistic regression model together with possible confounders (multivariate adjusted ORs). As some variables were interrelated, different final models were constructed. Exposure status at study entry (baseline exposure status) was assumed to reflect risk factor exposure at the time of ulcer diagnosis.
Interaction terms were fitted into the analyses if effect modification was suspected. If effect modification was demonstrated, separate analyses were made for each stratum-for example, anti-Hp positive/borderline and antiHp negative participants.
The population attributable risk per cent (PAR%) was calculated from the following equation:
where Pe is the prevalence of the exposure at baseline and OR is the multivariate adjusted risk of PUD. 18 Level of significance was set at 5%.
RESULTS
Response patterns at follow up
Members of the original cohort who failed to attend the follow up examination (non-responders) differed from those who attended follow up (responders) by being older (odds ratio 2.7 (95% confidence interval 2.2; 3.4)), by emanating from poor socioeconomic strata (1.9 (1.4; 2.4)), by being heavy smokers (2.4 (1.9; 3.0)), and by being psychologically vulnerable (1.5 (1.2; 2.0)). H pylori infection status did not affect the response pattern.
Peptic ulcer incidence and diagnostic verification A total of 71 first time diagnosed ulcers were eligible for analyses. The 11 year cumulative incidence proportion was 2.9% (95% confidence interval 2.2; 3.6)-that is, 1.6% (1.1; 2.1), 1.3% (0.8; 1.7), and 0.04% (0.02; 0.07) for DU (n=39), GU (n=31), and combined ulcers (n=1), respectively. Sixteen ulcers had been verified by barium meal examination, 45 ulcers were diagnosed by upper endoscopy, five cases of perforated ulcers were found at surgery, and four ulcers were verified by a combination of different diagnostic methods.
H pylori infection at baseline and follow up Seropositive or borderline increased anti-Hp IgG levels at study entry significantly increased the likelihood of developing an ulcer (table 1) . There were no cases of PUD among patients who became infected with H pylori within the observation period (n=14) but those who had a fourfold decrease in baseline anti-Hp IgG levels suggesting loss of the infection (n=44) were more likely than those who remained seropositive to report an ulcer. A high number of PUD cases was seen in those who showed variations in antibody status (table 1) . Fifty two (74.3%) ulcers were diagnosed in patients with seropositive or borderline increased anti-Hp IgG whereas the remaining 18 ulcers (25.7%) were seen in IgG seronegative individuals. The seroprevalence of H pylori infection was 87.2% in DU (IgG seropositive 56.4%/IgG borderline 30.8%) and 60.0% in GU patients (IgG seropositive 13.3%/IgG borderline 46.7%).
Lifestyle practices at baseline Tobacco smoking caused a significant increase in the risk of developing an ulcer (table 1) . Dose-response relationships were seen between PU incidence and cumulative tobacco consumption and cumulative number of cigarettes. The low number of ulcers among users of other tobacco products did not allow separate analyses.
A tendency towards an increase in the PUD incidence proportion with the number of consumed drinks was observed resulting in a "U shaped" relation. The nadir of the distribution was 6-12 drinks weekly. This relationship was due to a low number of ulcers among people who drank moderate amounts of wine. Intake of beer and spirits did not affect the overall ulcer incidence proportion.
Although a high number of PUD cases was reported in patients who consumed large amounts of coffee, ulcer incidence in general did not relate to the use of coffee and tea at study entry. A possible protective effect of moderate to high leisure time energy expenditure against PUD was seen.
Drug consumption
Drug consumption at study entry Current use of antibiotics, unspecified gastrointestinal drugs, and minor tranquillisers was associated with high ulcer incidence rates at follow up (table 2). The use of antirheumatic drugs did not relate to ulcer incidence.
Drug consumption at follow up
As could be expected, the use of antacids, H 2 receptor antagonists, and PPIs was more frequent among those who had a first time diagnosed peptic ulcer.
Multivariate logistic regression analyses
In addition to the variables in question, all final models were controlled for demographic, psychosocial, and genetic factors.
Final model for all ulcers
To preserve statistical power regression analyses were initially done for all ulcers together. The following baseline exposures were associated with an increased risk of reporting a PU at follow up: seropositive or borderline increased anti-Hp IgG, tobacco smoking, current use of minor tranquillisers, and current use of unspecified gastrointestinal drugs (table 3) . The dose-response relationship between cumulative tobacco consumption and PU incidence persisted in multivariate analyses. Moderate leisure time energy expenditure reduced the likelihood of PUD. Regression models, which included different alcohol containing beverages instead of cumulative number of drinks, did not yield further information. No other Final model for anti-Hp seropositive and borderline individuals Tobacco smoking, weekly consumption of spirits, and use of unspecified gastrointestinal drugs or minor tranquillisers at study entry were associated with higher PUD incidence rates in those with seropositive or borderline increased IgG antibodies to H pylori (table 4) . In contrast, moderate leisure time physical activity seemed to protect against ulcer development in this subgroup. An insignificant protective effect of wine drinking on ulcer development was noted.
Final model for anti-Hp seronegative individuals
Only 18 H pylori seronegative ulcers were available for analyses. Although tobacco smoking, use of minor tranquillisers, and tea consumption were related to PUD incidence in this subgroup, none of these associations reached significance.
Final model for duodenal ulcers
All duodenal ulcer patients were either former smokers or current smokers. Among former and current smokers there was a marked dose-response relationship between the number of cigarettes smoked daily and DU incidence (table 4) . Increased anti-Hp IgG levels and use of unspecified gastrointestinal drugs at study entry were associated with an increase in the likelihood of developing a DU within the observation period.
Final model for gastric ulcers Borderline increased IgG antibodies to H pylori and use of minor tranquillisers at study entry increased the odds of having a gastric ulcer whereas leisure time energy expenditure seemed to reduce gastric ulcer risk (table 5) . The use of NSAIDs did not increase the risk of GU. Table 6 shows the attributable risk per cents for baseline exposures that were shown to increase the risk of first time diagnosed PUs significantly, irrespective of ulcer site. Because of a high prevalence of tobacco smoking, smoking accounted for more than 60% of all ulcer cases in this cohort whereas 44% of ulcer cases were attributable to H pylori infection. The remaining risk factors accounted for approximately 25% of the variance.
Aetiological fractions
DISCUSSION
Ours is one of the first population based prospective studies in the H pylori era which has examined the impact of several risk factors for PUD, including H pylori. The most important findings were that H pylori infection, tobacco smoking, and use of minor tranquillisers were the main risk factors for PUD in this population of Danish adults. Leisure time energy expenditure reduced the likelihood of PUD. When analyses were confined to H pylori positive individuals, wine drinking showed a possible protective effect against PUD whereas intake of spirits increased ulcer risk. Use of NSAIDs did not affect GU or DU rates. A significant effect modification was demonstrated between tobacco smoking and H pylori infection, suggesting that tobacco smoking only increases PU risk in those who harbour H pylori. Approximately 25% of all incident ulcers were found in those with no serological signs of H pylori infection. Serology usually overestimates the prevalence of active H pylori infection. The serology used in this study measures low molecular weight H pylori antigens that are less strongly expressed in patients with gastric atrophy. The prevalence of infection may therefore be slightly underestimated in older people. The low specificity of the serology implies a high number of anti-Hp false positive results. This misclassification weakens the impact of H pylori infection on ulcer incidence. As the prevalence of H pylori infection is low in Denmark, 19 the proportion of ulcers that can be attributed to H pylori infection is likely to be higher in countries where H pylori infection is more common.
In contrast with data from the USA, 7 tobacco smoking seems to be a more important risk factor for PUD than H pylori infection in Denmark. 20 21 Recent studies have suggested that tobacco smoking causes PU only if H pylori infection is present. [22] [23] [24] Our findings support this notion but tobacco smoking remained an independent risk factor for PUD despite control for H pylori infection status. For that reason, we believe that ulcer patients should be advised to cease smoking irrespective of H pylori infection status. 25 The association between coffee drinking and PUD is controversial. 26 The prospective nature of this study should prevent bias resulting from changes in coffee drinking habits due to medical advice. 27 28 Still, it is possible that ulcer patients may have reduced their coffee intake prior to ulcer diagnosis because of abdominal discomfort. Recent studies have shown a significant reduction in duodenal ulcer risk in American men who exercise regularly. 29 Older studies suggest that physical inactivity increases the likelihood of ulcer disease. 30 31 Moderate energy expenditure was shown to reduce the overall likelihood of ulcer disease in this study. Possible mechanisms could include a decrease in gastric acid secretion, lower levels of stress, and differences in dietary factors. 32 H pylori infection rates in DU disease are declining. 33 34 The seroprevalence of H pylori infection was 87.2% in DU patients when those with borderline increased anti-Hp IgG were considered infected. This value overestimates the true prevalence as some patients with borderline increased IgG antibodies are uninfected. When this subgroup was excluded, the seroprevalence of H pylori infection was 56.4% in DU patients and even lower in GU patients. The present data therefore support the notion that the prevalence of H pylori infection in DU patients is lower than previously thought and emphasises that eradication therapy should not be initiated without prior verification of the infection. 35 The absence of an association between the use of NSAIDs and PUD incidence is surprising. The link between PUD and NSAID consumption is most pronounced in elderly patients who present with bleeding GUs. Possible explanations for our findings may be limited statistical power due to a low number of first time diagnosed GUs, few complicated ulcers, a relatively young cohort whose maximum age was 70 years, or invalid data on the use of NSAIDs at study entry. It is also possible that the impact of NSAIDs could be less marked in the general population who primarily suffers from uncomplicated ulcers.
Although the present analyses were adjusted for psychological vulnerability, the relationship between minor tranquillisers and ulcer incidence could simply be explained by differences in personality traits between ulcer patients and other subjects. 36 PUD was previously considered a psychosomatic disease and tranquillisers may have been used to treat ulcer patients. As more effective treatments have become available within the last 20 years, this approach is unlikely to explain the present findings.
In this study, inferences were made between baseline exposure to possible risk factors and the subsequent development of a peptic ulcer. No data were available on whether the participant was exposed to the risk factor in question at the time of ulcer formation. Although most patients retain their lifestyle habits until disease develops, it is likely that some may have ceased risk factor behaviour during the observation period while others may have been exposed to a possible risk factor not reported at study entry. This non-differential misclassification will weaken possible relationships.
Moderate alcohol intake may reduce the likelihood of ulcer disease 3 32 37 38 but large scale population based studies have failed to confirm this association. 4 5 Intake of spirits increased the risk of PU in patients with increased anti-Hp IgG in this study. Excessive alcohol consumption has been shown to increase the risk of PUD. 39 Wine and beer drinking is associated with lower rates of H pylori infection. 38 40 41 Biological mechanisms that could explain a possible beneficial effect of wine drinking on H pylori infection and ulcer formation have been reported. 42 43 Wine drinking could also be a marker for an overall healthier lifestyle. 44 In conclusion, the aetiology of PUD is multifactorial. Tobacco smoking, H pylori infection, and use of minor tranquillisers but not NSAIDs are the main determinants to PUD in this cohort of Danish adults. Alcohol containing beverages in general did not relate to PUD incidence but intake of spirits was shown to increase the risk of PU in patients with increased anti-Hp IgG. Physical activity on the other hand reduced the risk of PUD in this subgroup.
